Several aspects of the topography of the membrane-bound respiratory nitrate reductase (EC 1.7.99.4) of Escherichia coli have so far been explored (Kemp et al., 1975; Boxer & Clegg, 1975; Jones &Garland, 1977 MacGregor &Christopher, 1978) . Nevertheless, the location of the nitrate-binding site has not yet been positively identified. Garland et al. ( 1 9 7 5~) noted that the rate of passive entry of nitrate into spheroplasts as measured by osmotic swelling at relatively high concentrations of nitrate (25 mM) would, if extrapolated to lower concentrations of nitrate (0.25 mM), fail to support the known activities of nitrate reductase. This led to the suggestion that nitrate did not cross the cytoplasmic membrane before reduction. In retrospect this approach had two limitations: it would grossly underestimate the activity of a facilitated diffusion pathway (permease) with a low K , for nitrate, and it might fail to detect altogether a permease dependent on outward movement of nitrite in exchange for inward entry of nitrate. Furthermore, the assay conditions for measuring nitrate reductase activity in whole cells involve the use of Benzyl Viologen radical, which. because it is a hydrophobic permeant cation (Jones & Garland, 1977) could conceivably carry nitrate across the membrane as an uncharged complex.
An alternative method of determining whether nitrate is reduced at the cytoplasmic or periplasmic face of the cytoplasmic membrane was suggested by analogy with the work of Palmieri & Klingenberg (1967) on the azide-sensitive site of mitochondrial cytochrome oxidase. Taking advantage of the fact that (i) azide is a weak acid with pK 3.34, (ii) hydrazoic acid diffuses across membranes very much more rapidly than does azide anion, and (iii) distribution of azide across a membrane will therefore be determined by any p H difference across the membrane, Palmieri & Klingenberg (1967) showed that pH gradients across the mitochondrial membrane which caused intramitochondrial accumulation of azide (i.e. matrix alkaline) also potentiated the inhibitory action of azide on cytochrome oxidase. So it was concluded that the azide-sensitive site was on the matrix face of the inner mitochondrial membrane. Azide is also an inhibitor of nitrate reductase, competing against nitrate with a K, of about 5pM (Forget, 1974) . Garland et al. (1975a) used an indirect assay for nitrate reductase activity in cells of E. coli, and failed to find any effect of anticipated transmembrane pH gradients on the inhibitory effects of azide. This led to the suggestion that the nitrate-reducing site might
be on the periplasmic side of the cytoplasmic membrane, either on the surface (Garland et al., 197%) or at the base of a nitrate specific cleft or well (Garland et a[., 19756) . However, several independent lines of evidence indicate that nitrate reductase is located on the cytoplasmic side of the cytoplasmic membrane (Kemp et al., 1975; Boxer & Clegg, 1975; Jones & Garland, 1977 McGregor & Christopher, 1978; Graham & Boxer, 1978) . We have therefore reinvestigated the effect of transmembrane pH gradients on the inhibition by azide of nitrate reductase activity in whole cells of E. coli, using a direct spectrophotometric assay for the enzyme with Benzyl Viologen radical as reductant. The results are summarized in Fig. l(a) , from which it is clear that the concentration of azide required in the cell suspension to achieve 50 % inhibition of activity was diminished by about 40-50-fold as the extracellular pH was lowered from 8.0 to 6.0. By contrast, only a 2-fold effect was observed when inverted membrane vesicles replaced cells. These data indicate that the azide-sensitive site is intracellular. In theory the concentration of intracellular azide would increase 10-fold for every drop of 1 pH unit in the extracellular phase, assuming that the intracellular pH remained constant. In practice it is likely that the intracellular pH would move a small part of the way towards the extracellular pH (Padan et al., 1976) , and an increase of 6-7-fold rather than 10-fold in the K,, for azide for an increase of 1 pH unit is not unexpected. 
. Efects of p H on azide sensitivity and activity of nitrate reductase
Conditions for the growth of E. coli strain A1002 anaerobically in a glycerol medium with nitrate, for cell harvesting, and for assay of nitrate reductase activity with Benzyl Viologen radical were described by Jones & Garland (1977) . Inverted membrane vesicles were preparedas described by Haddock (1973) , and purified nitrate reductase as described by Enoch & Lester (1975) . Assays of nitrate reductase activity were made at 27°C in 200m~-Tris/HCI buffer, adjusted with HCI to the pH values shown in the Figure. In (a), the concentration of KN03 was 0 . 5 m~, and either whole cells (A) or membrane vesicles ( 0 ) were assayed at protein concentrations of 0.6 and 0.6mg/ml respectively. In (b), nitrate reductase activity was assayed in whole cells (A), membrane vesicles ( 0 ) and purified enzyme (H) at protein concentrations of 0.6,0.6 and 0.0015mg/ml respectively. The activity at pH6.5 was equated with 100 %activity, which, aspmol of Benzyl Viologen radical oxidized/min per mg of protein, was 0.45, 0.76 and 60.0 for cells, membrane vesicles and purified enzyme respectively.
The activity of purified nitrate reductase is pH-dependent, diminishing above p H 6.0 to become 50% less active at pH8.2 (Vincent & Bray, 1978) . We have studied the p H dependency of nitrate reductase in three forms: membrane bound in whole cells, in inverted vesicles, and purified following solubilization. In the last case the pHdependency was much as described by Vincent & Bray (1978) , falling to 50% or less by pH9.0. By contrast, the enzyme activity in whole cells did not diminish until the pH of the suspending medium exceeded 9.0 (Fig. Ib) . These observations can be interpreted in the light 0fthee.p.r. spectroscopicstudyofnitratereductasemade by Vincent &Bray(1978) , who measured the pK of the pH-dependent interconversion of protonated and nonprotonated forms of Mo(V), obtained a value of 8.26, proposed that protonated species of Mo(V) is involved in the catalytic cycle, and suggested that its dissociation was identical to that controlling enzyme activity. These considerations taken in combination with the data of Fig. I(b) indicate that the Mo(V) centre of nitrate reductase in the cytoplasmic membrane interacts with protons from the intracellular space.
In conclusion, it appears that the azide-sensitive site of nitrate reductase in E. coli is, as in Paracoccus denitriJcans (John, 1977) , located on the same functional side of its membrane as are the azide sensitive sites of mitochondria1 cytochrome a3 (Palmieri & Klingenberg, 1967) and cytochrome a, of Thiubaciflus ferro-oxidans (Ingledew et al., 1977) . If we equate the azide-sensitive site with the nitrate-reducing site, it follows that nitrate must cross the membrane prior to reduction at rates considerably greater than those permitted by passive diffusion . This implies the presence of a permease.
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